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Autosomal Recessive Inheritance of Congenital Myasthenic Syndrome is
Associated with Skeletal Muscle Sodium Channel Mutations
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The SCN4A gene, that encodes the pore-forming a-subunit of the skeletal mus-
cle voltage-gated sodium channel, has long been associated with dominantly-
inherited myotonia, and periodic paralysis mutations. One single severe case
of congenital myasthenic syndrome (CMS) due to a dominantly-inherited
SCN4Amutation has been reported. CMS is a clinically and genetically hetero-
geneous group of rare disorders characterized by muscle weakness and fatiga-
bility. They are due to impairment of neuromuscular transmission and result
from mutations in genes encoding for proteins critical for the neuromuscular
junction. We have identified a novel homozygous SCN4A mutation
(p.R1454W) in a patient with a rare form of recessively-inherited CMS. The
p.R1454W missense mutation is located on the segment S4 of domain IV of
the Nav1.4 channel. Expression of p.R1454Wmutant Nav1.4 in the human em-
bryonic kidney 293 cells induced dramatic changes in the biophysical proper-
ties of the mutated channel. These include fast and slow inactivation,kinetics of
fast inactivation, and recovery from inactivation. A slower current decay com-
bined with a shift in channel availability at resting potentials can ultimately
lead to membrane inexcitability and muscle weakness. Our data confirm that
this CMS phenotype belongs to the group of sodium channel disorders and
question the clinical overlapping between periodic paralyses and CMS. We
suggest that while Nav1.4 mutations exerting a dominant-negative effect cause
periodic paralysis, a CMS phenotype may result from recessively-inherited mu-
tations that decrease the Nav1.4 availability for muscle action potential genesis
at the neuromuscular junction and its propagation along the sarcolemma.
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Optical Tracking of Nav1.5 Conformation Reveals Molecular Mechanisms
b1 Subunit Regulation
Wandi Zhu, Eric J. Hsu, Angela R. Schubert, Zoltan Varga,
Jonathan R. Silva.
Washington University in St. Louis, saint louis, MO, USA.
Background: In cardiomyocytes, hNav1.5 co-assembles with b-subunits, which
are known tomodify Nav1.5 gating, cell surface expression, and post-translational
modifications. Mutations in b-subunits are linked to many types of arrhythmias,
including Brugada Syndrome, the Long QT Syndrome, and atrial fibrillation.
Our aim is to assess the molecular mechanism of b1-subunit regulation of NaV1.5.
Methods: The NaV1.5 a-subunit contains four domains (DI-DIV), each with six
membrane-spanning segments (S1-S6). S1-S4 form voltage sensing domains
(VSDs) that transduce voltage into channel gating. Previously, we created
four DNA constructs, each with a cysteine engineered into the extracellular
S4 of a single channel domain. RNA from these constructs was injected into
Xenopus oocytes with or without b1. Heterologously expressed channels
were labeled at the introduced cysteine with TAMRA-MTS fluorophores. Ionic
current and fluorescence emission that reflected changes in VSD conformation
were simultaneously recorded using the cut-open oocyte configuration.
Results: In comparison with a-subunit alone, co-expression with b1 causes a
depolarizing shift in the steady-state inactivation curve, without affecting the
channel activation. Observing the b1-subunit consequences for each domain,
we noted a significant depolarizing shift in the DIV fluorescence-voltage
(F-V) relationship that was induced by b1 (V1/2¼-52.4152.04, k¼13.035
3.07 S.E.M.), compared with a subunit alone (V1/2¼-89.489753.29,
k¼22.3454.61, p¼0.007 for V1/2). b1 also caused much faster kinetics of
DIV voltage sensor activation compared to a alone (t¼0.8350.16 S.E w/ b1
vs t¼2.2350.09 S.E.M. w/o b1, p¼0.03). None of the other three domains
showed any significant b1 effects. Our results show that b1 alters INa gating
by regulating DIV voltage sensor kinetics, consistent with previous studies
indicating b1 interaction with the S5/S6 segment of DIV. Our next aim will
be to examine interaction with the b1b, b2, b3 and b4 subunits.2480-Plat
Live-Cell Imaging of Midchannel Proteolysis of Neuronal Surface L-Type
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Ioannis E. Michailidis, Dan Zhang, Jian Yang.
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We recently identified midchannel proteolysis as a novel homeostatic mecha-
nism of negative feedback regulation of neuronal voltage-gated calcium chan-
nels (VGCCs): the main body of the pore-forming alpha1 subunit of L-type
VGCCs, Cav1.2, is cleaved, resulting in Cav1.2 fragment-channels that separate
but remain on the plasma membrane, and can be detected by confocal micro-
scopy in fixed neurons [Michailidis et al, Neuron, 82 (2014), 1045-57]. The pro-
teolysis is bidirectionally regulated by channel activity, depends on calpain and
the ubiquitin-proteasome system, and increases with age. To investigate the ki-
netics of midchannel proteolysis and the fate of the resulting fragment-channels,
we performed live-cell confocal microscopy. In live cultured rat hippocampal
neurons, we visualized surface Cav1.2 labeled with extracellular fluorescent
probes placed in different internal repeat domains of the alpha1 subunit. The re-
sults reveal robust movements of surface Cav1.2 and its domains, suggesting
midchannel proteolysis and continuous dynamic regulation of surface channels.
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Mechanisms of Auxiliary a2d-1 Subunit Regulation of Voltage-Gated
Calcium Channels
Sihui Ma1, Henry M. Colecraft2.
1Pharmacology, Columbia University, New York, NY, USA, 2Physiology
and Cellular Biophysics, Columbia University, New York, NY, USA.
The voltage-gated calcium (CaV) channel a2d-1 subunit is implicated in a vari-
ety of cardiovascular and neurological diseases and is the molecular target of
gabapentin, a drug used for the treatment of epilepsy and neuropathic pain.
The precise mechanisms by which a2d-1 dysfunction causes disease and how
its targeting by gabapentin is therapeutic are unclear, in part due to incomplete
understanding of how a2d-1 binds to and regulates CaV channels. Here, we
investigated mechanisms underlying a2d-1 regulation of neuronal CaV2.2
(a1Bþb2a) channels reconstituted in HEK293 cells. Using whole-cell electro-
physiology, a2d-1 caused a dramatic four to five-fold increase in whole-cell cur-
rent amplitude compared to channels reconstituted with a1Bþb2a alone. The
increase in current was wholly accounted for by an increase in channel surface
density as reported by a quantum dot labeling technique. An optical pulse-chase
assay showed that the increased surface density was achieved solely through
reducing the rate of CaV2.2 endocytosis rather than by enhancing the rate of for-
ward trafficking. To map the site of interaction between a2d-1 and a1B, we in-
serted a small epitope tag into judiciously selected extracellular regions of the
a1B subunit. We determined accessibility of the tag to quantum dot and modu-
lation of whole-cell currents in the presence or absence of a2d-1. From the
pattern of this dual readout, we inferred an a2d-1 binding site in the a1B domain
III extracellular S5-S6 loop. Alanine scanning mutagenesis revealed discrete
residues in this loop that was necessary for a2d-1 regulation of a1B. These re-
sults provide novel insights into mechanisms underlying a2d-1 regulation of
CaV channels, focus the putative modes of gabapentin action, and offer a new
target site for potential development of future therapeutic molecules.
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The voltage-gated calcium (CaV) and sodium (NaV) channels represent two ma-
jor ion-channel superfamilies with distinct biophysical properties that support
diverse biological functions. One similarity between these channels is a homol-
ogous region within their carboxy tails, the Ca2þ-inactivating (CI) region. This
segment, composed of two vestigial EF hands and an IQ domain, may be a
conserved module enabling vital Ca2þ-dependent feedback regulation through
interaction with calmodulin (Cell 157:1657). A single Ca2þ-free calmodulin
(apocalmodulin) preassociates with the CI region, and Ca2þ binding to this
calmodulin triggers regulation in both channel families. Though this general
regulatory scheme appears similar between these channel families, the struc-
tural likeness of the CI region has remained unclear. Here, we correspond
the first atomic structure of apocalmodulin alone bound to the NaV1.5 CI
domain (Gabelli et al (2014) Nature Communications in press) with function-
ally relevant apocalmodulin binding residues in CaV1.3. This comparison im-
plicates an extraordinary structural resemblance between Nav and Cav
channels. But does this resemblance support like functional sequelae? Apocal-
modulin binding itself enhances peak open probability of Cav channels by
severalfold (Adams et al (2014) Cell in press). We now find conservation of
this same effect in NaV1.4 channels. NaV1.4 channels bind apocalmodulin
492a Wednesday, February 11, 2015with high affinity and exhibit a robust open probability ~0.4. Substituting dual
alanines for the ‘IQ’ residues in the IQ element significantly weakens apocal-
modulin binding, and markedly diminishes peak open probability (~0.1). Over-
expressing apocalmodulin fully rescues open probability, demonstrating that
the effects on opening reflect apocalmodulin binding per se. This extensive
structural and functional similarity substantiates a striking conservation of
calmodulin regulation across Nav and Cav channels, joint investigation of
which now presents as a genuinely synergistic endeavor.Platform: Optical Spectroscopy: CD, UV-VIS,
Vibrational, Fluorescence
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Ratiometric Bioluminescence-Based Zinc Biosensor with Nanomolar
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In recent years, we and other workers have developed fluorescence-based sen-
sors and biosensors for Zn2þ and other free metal ions in solution, which
have proven valuable as tools for the study of the biology of metal ions. Using
the sensors in some applications such as in vivo molecular imaging has been
challenging, owing to the difficulty of exciting fluorophores deep in tissues
which scatter and absorb exciting light effectively. One approach used by inves-
tigators to minimize this problem is the use of bioluminescent labels for in vivo
imaging, which perforce require no exciting light.We have employed a biolumi-
nescence resonance energy transfer approachwith our carbonic anhydrase-based
zinc biosensor to produce a ratiometric bioluminescence-based zinc biosensor.
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The quest for factors controlling the partition of excitation energy between fluo-
rescence and nonradiative processes in tryptophan is of perennial interest to
spectroscopists because its fluorescence has distinct intensity, color and environ-
mental sensitivity. Solving the relationship between specifics of molecular envi-
ronment and characteristics of tryptophan fluorescence would provide the key
for emission spectra interpretation of a wide variety of proteins. Our quantum
mechanical calculations and molecular modeling reveal substantial differences
in ground state isosurface charge distribution on the indole ring for Lys-Trp di-
peptides when backbone and residue charge is varied. These isosurfaces repre-
sent the superposition of all ground state molecular orbital contributions to
charge distribution and thereby provide a visual representation of the contribu-
tions of all relevant orbitals. Comparison of Lys-Trp species isosurfaces with
experimentally derived quantum yields and fluorescence lifetimes reveals a cor-
relation: highp-electron density on the indole ring is associated with high quan-
tum yield and long average lifetime, both of which are found in the zwitterionic
and anionic states. Conversely, low quantum yield and short average lifetime is
associatedwith low, unevenp-electrondensity on the indole ring,which is found
in the cationic and highly anionic state where the indole amine is deprotonated.
This interpretation explains fluorescence results for tryptophan-containing pro-
teins.Where x-ray crystal structures have shownproteinaceous tryptophans to be
hydrogen bonded at the indole amine, very lowquantumyields are observed, and
isosurfaces resembling those with a deprotonated indole amine are anticipated.
Thus isosurfaces reveal losses inp-electron density over the indole ring or a loss
of aromaticity for low fluorescing tryptophans. Isosurfaces are the key to solving
the relationship between molecular environment and tryptophan fluorescence.
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Real-Time Quantification of Time-Gated Autofluorescence Spectrum
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Recent studies by various groups report the use of NADH as an intrinsic optical
biomarker and metabolic indicator. Using measurements of excited-state life-
time or anisotropy decay, different forms of intracellular NADHwere identified
and monitored, with the response of NADH to metabolic conditions being more
complex than a simple concentration change. Recently, we report an approach
for the real-time tracking of UV-excited autofluorescence based on the rapidquantification of spectrum shape. Here, we show that nanosecond-gated spectral
acquisition - combinedwith spectrum-shape quantification (such aswith spectral
phasor analysis) - can be used to track the physiologic response of a cellular sys-
tem (Saccharomyces cereviseae) to the addition of mitochondrial functional
modifiers (e.g., cyanide) and metabolic substrates (e.g., ethanol and glucose).
We demonstrate that time-gated detection allows for the rejection of short
excited-state-lifetime emission. We observe that the spectrum shape of long
excited-state-lifetime autofluorescence exhibits a different response to chemical
additions than that of the time-integrated autofluorescence, even allowing for the
discrimination between nominally similar responses. Results are consistent with
the existence ofmultipleNADH forms, as changes in autofluorescence spectrum
shape cannot be accounted for by a two spectramodel. Time-gated spectroscopy
combined with rapid spectrum-shape analysis may lead to new and useful ap-
proaches for the real-time tracking of cellular metabolic state.
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Nanoscale Infrared Spectroscopy of Biological Systems
Eoghan Dillon, Mike Lo, Kevin Kjoller, Qichi Hu, Roshan Shetty.
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Infrared microspectroscopy is a popular technique for investigating biological
structures. It is relatively simple to use, and considered to be a non-destructive
technique. By combining atomic force microscopy and infrared spectroscopy
(AFM-IR), it is possible to resolve chemical differences on the scale of ~100 to
200 nm, which often reveals information that could not have been obtained
with conventional infrared microspectroscopy. Currently, AFM-IR spectroscopy
has the ability to collect IR spectroscopic information below the diffraction limit
with lateral resolution of ~ 100 nm. However, there are still some limitations that
prevent its use onmany important nanoscale systems. One of themain limitations
is the thickness of the sample required for examination (> 100 nm). Overcoming
these limitations has a dramatic impact by enabling widespread use of nanoscale
IR spectroscopy for spatially resolved chemical characterization. The use of a
quantum cascade laser (QCL) as the IR source significantly increases the sensi-
tivity of AFM-IR. The QCL has repetition rates 1000 times higher than previous
lasers used for AFM-IR. This allows the ability to pulse the laser at the resonant
frequency of theAFMcantilever giving rise to a high IR sensitivitymode referred
to as resonance enhanced infrared nanospectroscopy (REINS). Additional
enhancement of the AFM-IR signal results when a gold-coated AFM tip is
used, producing a ‘‘lightning-rod’’ effect which enhances the intensity of the
exciting electric field at the tip. Furthermore, if the sample is deposited onto a
gold substrate, the local electric field is further enhanced allowing for chemical
identification of samples as thin as 25nm. In this presentationwewill demonstrate
the effectiveness of the AFM-IR technique on several biological systems,
including; IR spectroscopy of a monolayer film of Halobacterium salinarium
on a gold substrate and IR chemical imaging of Streptomyces bacteria.
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Flavonols as Luminescent Probes of Water Activity in Foods and
Pharmaceuticals
Siyu (Suzie) Wang, An N. Le, Maria G. Corradini, Richard D. Ludescher.
Food Science, Rutgers University, New Brunswick, NJ, USA.
Flavonols are naturally occurring antioxidants with complex photophysical prop-
erties. Their emission sensitivity to polarity and hydrogen bonding ability of the
local environment suggests their potential as luminescentprobes forwater activity.
Water activity, aw, is an important parameter for ensuring food safety and quality,
as it is a determining factor for microbial growth and biochemical reactions.
This study focused on 3-hydroxyflavone (3HF), a synthetic molecule that con-
stitutes the backbone of naturally occuring flavonols. However, the photophys-
ical properties and sensitivity to aw of other flavonoid glycosides were also
explored. All flavonols were tested in binary solvent mixtures of different aw.
3HF is an excited-state intramolecular proton-transfer probe that exhibits dual
fluorescent emission bands corresponding to its normal (lem ¼ 405nm) and
photo-induced tautomeric (lem ¼ 525nm) form. The normalized intensity of
the photo-induced tautomer was sensitive to aw of binary mixtures, with a
marked decrease in intensity at aw > 0.8, likely due to progressive aggregation
of 3HF molecules. Additional sensitivity to aw was observed in terms of the
location of the emission bands. The difference in wavelength between the
normal (N) and tautomer (T) forms decreased monotonically at aw > 0.4
due to a hypsochromic shift of the tautomer band. The relative position of
the T* towards N* band as a function of aw was modelled using a log-
logistic function. A critical aw value above which the sensitivity of 3HF signif-
icantly increased was estimated based on the model.
Quercetin and additional flavonoid glycosides were also responsive to changes
in aw; e.g., quercetin’s fluorescence intensity decreased at aw > 0.6.
Although additional validation of these probes in model food systems is
required, the available data support the potential use of flavonols as probes
of aw in foods and edible pharmceuticals.
